13. laser powermeter 14. power source for He-Ne laser 15 . power source for He-Cd laser.
It is arranged in such a way that it is capable of making both the singlebeam and double-beam determination.. The photoacoustic cell used are made of pyrex glass. The schematic diagram of single-microphone cell structure is shown in Fig.2 .
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In t h e s i n g l e microphone photoacoustic c e l l a s e n s i t i v e microphone t h a t i s used t o d e t e c t t h e photoacoustic s i g n a l (PA) i s f i x e d on t h e sample s i d e of c e l l . Double microphones a r e a l s o used, b u t they a r e f i x e d on t h e opposite s i d e s vert i c a l t o t h e i n c i d e n t l a s e r beam. I n o r d e r t o reduce t h e i n t e r f e r e n c e of ambient noise t h e photoacoustic c e l l s i s buried i n sand. The background n o i s e of t h e c e l l s i s 15-60 nV, depending on t h e s t r e n g t h of ambient n o i s e .
i n c i d e n t window
2. microphone 3 . rod f o r sample e n t r y 4 . sample 5. s e a l i n g cover 6 . vacum s e a l i n g wax. The pA s i g n a l produced by t h e e x c i t i n g l i g h t can be d e t e c t e d by t h e microphone and t r a n s l a t e d i n t o an e l e c t r i c s i g n a l which i s f e d i n t o t h e lock-in a m p l i f i e r through t h e p r e a m p l i f i e r . The pA s i g n a l i s picked up from n o i s e , and t h e n f e d i n t o t h e y-axis of t h e X-Y r e c o r d e r . The s t r e n g t h of pA s i g n a l (S ) s t a n d s f o r t h e amount o f the t r a c e substance d e t e c t e d . PA
The following a s p e c t s a r e s t u d i e d by t h e above apparatus.
1. The e f f e c t of modulated frequency ( f ) and l a s e r power on SPA. The r e s u l t s obtained show t h a t t h e r e i s a l i n e a r r e l a t i o n s h i p between SPA and f-I when f>60 Hz. I f f i s l e s s than 60 H z , t h e r e l a t i o n s h i p i s n ' t l i n e a r . T h l s i s due t o t h e range of frequency response of t h e microphones used (60 H z ' 1 . 10 K H z ) . The r e s u l t s a r e shown i n Fig.3 .
The SPA measured i s d i r e c t l y p r o p o r t i o n a l t o t h e power of i n c i d e n t l a s e r , a s shown i n Fig.4 . Fig. 3 -S p~ 5 f-I r e l a t i o n s h i p .
-
The increase of laser power can therefore raised the sensitivity of photoacoustic detection.
2. The effect of sample backing and carrier on S p~. In our work the two kinds of substrate are used : one is a glass rod with a polished end covered by a layer of carrier, and another is a piece of plain glass adhered to a glass tube, which is also covered by a layer of carrier. In each case, the thikness of carrier is 0.1-0.2 mm. The SPA produced by a same substrate are 150-240 !JV (for 8 mW He-Ne laser) and 200-300 p v (for He-Cd laser), corresponding to that produced by 2-3 ng Co in the form of PAN-Co(II1). In the determination of trace Co, the background signal is removed by zero adjustement of the lock-in mplifier. The carrier used are silica gel (SiO2), BaS04 and Al2O3, which are carefully treated before use and are of homogenized grain size of about 5 Vm. In the cases of PAN-Co(II1)-Si02 and PANCo(II1)-BaS04 systems larger S p~ can be produced (about 100 pV/ng Co). The SPA produced by PAN-Co(II1)-A1203 systems is smaller, and the layer made of A1203 is also rougher-Therefore, it isn't used in further work.
3. The quantitative determination of trace Co. In this case the requirements of heat-thinness and good light transparency for the sample to be determinated can be met, and SPA can be expressed as a approximate formula :
where B1 is the light absorption of sample, and C is the content of substance to be determinated. A good linear relationship between the SPA and contents of CO is found, as shown in Fig.5 . In our experimental condition, it is possible to detect Sub-ng Co in the form of PAN-Co(II1). This shows that the laser photoacodstic spectroscopy is a very effective tool for the determination of trace substances. 
